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CHAPTER 1
INTRODUCTION

This paper discusses the application of the CORFLO model by the Washington

of Transportation for examining traffic congestion related to urban
State Department

freeway reconstruction efforts. The model is being used to estimate congestion levels

expected due to capacity restraints imposed by construction activities and to examine the

impacts of alternative traffic mitigation plans on those expected congestion levels. This

calibration effort, the initial tests of the model'sreport documents the Department s

capabilities, the conclusions and recommendations that resulted from those tests, and a plan

for the continuation of the research effort under this contract.

YNTT^nDTJCTION TO THE PRO.TECX

This report is part of a larger project investigating how the TRAP family of

simulation models can be used to help determine appropriate and cost effective control

strategies for nonrecurring congestion. The TRAF family consists of the following

components:

TRAF Input Processor

Component Model (Subnetwork) Integration Processing

Microscopic Rural Road Simulation Model (ROADSIM)

Microscopic Arterial Simulation Model (NETSIM)

Macroscopic Arterial Simulation Model (NETFLO Level I)
j

Macroscopic Arterial Simulation Model (NETFLO Level II)

Macroscopic Art^ial Simulation Model (NETET.O Level HI)

Microscopic Freeway Simulation Model (FRESIM)

Macroscopic Freeway Simulation Model (FREFLO)

Equilibrium Traffic Assignment Model.

3/16/891
TRAFWORK.PAPER



will discuss the application and evaluation of a subset of the
This working paper

above models that are tied together in a stand-alone package called CORFLO. The

simulation models for networks containingCORFLO program is a set of macroscopic

freeways and arteriais. CORFLO consists of the Macroscopic Arterial Simulation Models

(NETET.O Levels I and II), the Macroscopic Freeway Simulation Model (FREFLO), and

Traffic Assignment Model. The necessary input processor
and model

are also included in the stand-alone CORFLO model.

the Equilibrium

integration programs

The model uses a time scan technique to simulate the flow of vehicles on the

network. The model can be used in two ways. For traditional simulation, the operating

parameters and volumes are put into the model, and the program calculates the delay, miles

of effectiveness. The traffic assignment model cantraveled, speeds, and other measures

also be used in the simulation so that the model loads the network based on

origin/destination data. The program thus calculates not only the measures of effectiveness

but also the volumes assigned to each link in the network on the basis of the minimum

travel time.

The model was developed for the Federal Highway Administration but is not yet

avaUable for pubUc distribution. A network of arteriais and freeways in the Seattle

for the CORFLO model. Construction activitiesmetropolitan area was used as a test case

in this heavily traveled area were observed and data coUected to determine the abiUty of the

model to replicate the movement of traffic in the area under different scenarios.

RACKGROUND

A major issue facing traffic engineers is congestion in urban areas. There are two

Recurring congestion is demandbasic types of congestion, recurring and nonrecurring,

that exceeds the normal capacity on a facUity, causing the flow on the facility to become

unstable. Nonrecurring congestion is traffic demand that exceeds the capacity of a facility

2



because of a short-tenn reduction in capacity, such as a lane closure caused by construction

or an incident such as a stalled vehicle or accident

Nonrecurring congestion caused by construction activities and unexpected incidents

much as 60 percent of the congestion on urban facilities. [1] Therefore,
may account for as

management of the impacts of construction and development of incident response plans

both major factors in the control of urban congestion because of the potentially large effect

that a reduction in this type of congestion could have on the urban area without the costly

are

additions of more roadways. Methods that can be used to minimize the effects of

nonrecurring congestion are

efficiently planned detours,

improved traffic signal plans that deal with incident and construction

congestion,

prearranged "plans” that deal with unexpected congestion, and

. knowledge about the effects of construction on facility capacity.

However, these control strategies for nonrecurring congestion are difficult and

trial and error manner on thecostly to both the agency and the public to implement in a

actual faciUties. Therefore, the effects of different strategies must be predicted through

method of simulation. In traffic simulation, a series of calculations describe the

theory of the behavior of traffic flow.

some

phenomenon of traffic flow based on

Simulation methods have existed for years in the form of hand calculations for

some

highway and intersection performance, such as the equations used in the Highway Capacity

Manual. [2] Computer based simulation programs, such as TRANSYT, NETSIM, and

FREQ, have enhanced the speed and accuracy of such simulation. However, because the

into effect when simulating theinteraction of a wide variety of complex factors come

interaction between arterial and freeway traffic flows, simulation models have not always

desired. Extensive testing of new models is required to ensure that the
worked as well as

3



indicative of the actual traffic conditions. This project is just such
results they produce are

a test.

nv THE PAPER

This paper is structured in four additional chapters and an appendix. Chapter 2

discusses the research approach taken thus far in the project. The network and how the

model was operated for the network are described. Some methods used to simplify the

network and the assumptions used in modeling the actuated signals in the network are also

discussed.

the findings of the research so far. It evaluates the model.
Chapter 3 covers

including the caUbration efforts and how the model performed in comparison with the field

measurements. Chapter 4 discusses interpretation of the model results. It covers some

encountered and limitations of the model that werespecial coding requirements that

recognized during the course of the project.

Chapter 5 contains conclusions and recommendations for further development of

were

the CORFLO model.

The appendix describes the CORFLO model. The components of the program are

discussed, along with the input and output of the different submodels within CORFLO.

4



CHAPTER 2
RESEARCH APPROACH

This chapter wiU describe the area selected for the CORFLO model appUcation, the

data needed to construct the network, how the data were collected, the use of the model,

and some major assumptions used in the study.

network OFSr.RTPTTON

The CORFLO model was applied to the network of arterials and freeways in the

Seattle metropolitan area shown in Figures 2.1 and 2.2. A link-node representation of the

network is shown in Figure 2.3.

Ooneral Description of Area

This area in South King County experiences daily congestion because of

Longacres (a horse racing track), and major shopping areas. Congestion

occurs in both the morning and afternoon peak periods, which extend from 6:30 AM until

9:00 AM and again from 3:30 PM untU 6:30 PM. This area was selected as the application

site because of a major construction project on 1-405 that was adding high occupancy

vehicle (HOV) lanes on the inside of the four-lane freeway and rebuilding the existing

roadway. The construction project involved 3.0 miles of 1-405 from milepost 0.00 in

Tukwila to milepost 3.0 in South Renton. No lane closures were permitted on 1-405 from

5 AM until 8 PM, but bridge widening and roadway widening affected other major routes

such as SR 167, SR 181, and SR 900. Commuters had several alternatives to 1-405, such

SR 900, Grady Way, Interurban Avenue, and other major arterials to the south of 1-405.

also important because of its proximity to the City of Renton, which,

because it already experienced daily congestion on its city streets, could not accomodate

major traffic diversion through the city without substantial changes to the city's

commuters.

as

This area was

infrastructure.

The modeled area was analyzed and the alternative routes that might be affected by

the construction activities were defined to include the major east/west routes from SR 18 on

5
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Figure 2.1. Vicinity Map
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Legend

ADT = vehicles/day

Figure 2.2. Insert
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The geographical area modeled was

the north/south direction and 7.9 miles wide. A

to allow inclusion of the major diversion routes

the southern end of King County to 1-90.

approximately 23.8 miles long in

geographic area this large was necessary

for through traffic.

Tfjnks and Nod^

network consisted of 460 directional arterial links (106.6 miles), 407

directional freeway links (146.5 miles), and 44 origins and destinations. The network

required 512 nodes (242 freeway nodes, 155 arterial nodes, 71 interface nodes, and 44

origin/destination nodes) to describe the modeled area.
The modeled area included the

Fifty uncontrolled arterial intersection nodes were used.

The

reconstruction diversion routes.

13 stop or yield signs, and 91 signalized arterial nodes, of which 73 had actuated or semi-

actuated signal control. The network coding took approximately 560 person-hours, not

including some of the time spent on data collection by the different jurisdictions.

The City of Renton has a centrally controlled Multisonics signal system for the

majority of the city’s arterials. Forty-seven of the signals from this system were in the

actuated signals with aproject's network Eighteen of these signals were operating
as

arterial coordination. SR 900 is a one-way coupletbackground cycle length to ensure

through the central business district of Renton and operates on fixed-time signal settings.

The remainder of the signals in the network were independent actuated traffic signals.

NETFLO Level I has the ability to simulate traffic actuated signals with up to four phases.

NETFLO Level II can model more than four phases, but can't simulate actuated signals.

Most of the actuated signals in the network have more than four phases. To get around this

that the actual number of phases could beproblem, NETFLO Level II was selected so
used to represent the "average" signal timingsrepresented and fixed time settings

during the PM peak period. This will be discussed further later in this chapter.

were

The model requires link geometric information, signal timing information for each

arterial node, and origin/destination information. This information was collected from five

9
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jurisdictions: the Washington State Department of Transportation ; the cities of Renton,

Tukwiia, and Kent; and King County. Geometric information was gathered from each

jurisdiction and supplemented by data gathered from aerial photographs and field

measurements. The most difficult information to obtain was the signal timing information,

which is critical to the model.

I

Oripin/Destination Data

Origin/destination volumes

Governments’ (PSCOG) planning information. The information was available for the year

1985 at the traffic analysis zone level. These volumes were generated with the Urban

Transportation Planning System. [4] Trips were calculated in a zone by a population based

multilinear function. The trips attracted to a zone were also calculated with a multilinear

function based primarily on employment and retail activities. A gravity model was then

employed to distribute the trips from an origin to a destination. Factors were applied to the

trip table to generate trips in the PM peak period, which is three hours long. The

origin/destination table used in the CORFLO model runs was one-third of the peak period

trip tables provided by PSCOG. The reduced volume was necessary to model the

peak period hour. Other data on volumes and speeds collected in the field were

obtained from the Puget Sound Council ofwere

I

average

collected from 4:15 to 5:15 PM. On 1-405 this time period closely represented an average

pe^ hour, as can be seen in Table 2.1. Other areas in the network experienced peak hours

Table 2.1. Comparison of Peak to Average Hourly Volume
(NB 1-405 @ Benson Road)

% difference

from Peak Hour

3797(5:00 - 6:00)

(3:30-6:30)

(4:15-5:15)

PeakHour

Avg. Hour in Peak Period

Hour Used in Modelling

1.1%3755

2.1%3717

(based on data collected June 1988)
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varying from 3:15 to 4:15 PM to 5:30 to 6:30 PM. Because of the diverse peak hours, the

"average" peak period hour was modeled rather than the peak hour for one portion of the

network.

The traffic analysis zones that were distant from the construction area (e.g., the

around downtown Seattle) used by PSCOG were aggregated together to reduce the

coding requirements of the model. The trips from the aggregated zones were loaded at the

zones

point where most travelers from that zone would enter the network. Trips that were

a route not modeled in the network, such as SR 99, SR 509,
expected to occur on

SR 515, and SR 520, were removed from the origin/destination table. This will be

discussed further in Chapter 3.

Side streets on the major arterials were not always included in the network, since

the emphasis of the research was to detect traffic diversion on alternative major artenals.

The Traffic Analysis Zones were large, and origin/destination information for each side

Even though each street was not anstreet in the zones was not available,

origin/destination, the traffic signals for side streets were included to ensure that the delay a

vehicle would encounter at the signal was included in the simulation,

accomplished by modeUng the green time for the side street as an all red phase for the

This was

arterial.

MODFJ, OPERATION

The CORFLO model was installed on the IBM 4381 mainframe computer at the

University of Washington. Because the CORFLO model is a large and complex simulation

package, not aU of the CORFLO options and functions were used in this application,of the

The paragraphs below describe the specific aspects of the CORFLO model that

were used, and how the use of those modeling components impacted the coding of input

data and development of modeling assumptions.

model.

11



Program Size and Testing

The CORFLO model is programmed in Fortran 77. There are 73,087 lines (5.85

megabytes) of source code. The compiled version of the program is 2.74 megabytes in the

form of an executable module.

A test dataset was created, with a hypothetical network and origin/destination data,

the machine once it was installed andto check the functioning of the computer program on

the Fortran coding compiled. A test dataset was

Administration to compare the output of the program installed at the University for use

also received from the Federal Highway

on

at the FHWA. Both test datasets werethis project with the output from the program

executed satisfactorily.

Dataset Testing

When the dataset for this project was assembled, the data had to be checked for

errors through the CORI^O preprocessor. The tests of the dataset were run during the day

without any simulation. Each time the dataset was modified, the preprocessor was run to

check for errors in the data before the simulation was submitted. The simulation runs

required more computer run time and thus were run at night, since off-peak runs were free

on the University’s computer system. The network data were input to a series of files

constructed on a microcomputer file editor and then uploaded to the mainframe. This

helped keep the cost of using the mainframe computer at a minimum.

Submodels Used in Simulation

The macroscopic freeway model, FREFLO, the macroscopic arterial model,

NETFLO Level 11, and the traffic assignment model were used in the simulation for this

project. NETFLO Level I was not used since no advantage was perceived in the extra

detail that NETFLO Level I provides for arterial simulation. The downtown Renton area

most critical in terms, of detail, and many of the signals were fixed time rather than

actuated. The major advantage in using NETFLO Level I would have been that the model

actuated controller. However, NETFLO Level I can only assign four

was

can simulate an

12



actuated signal, and for the majority of actuated signals in the network this
phases for an

would not have been enough. Also, the side streets would have to have been included in

the network and an origin/destination table created for each side-street. These steps were

not reasonable given available data and resources.

^rtiiated Signal ronversion to Fixed Tima

The traffic signal timings for actuated controllers were converted to an average,

fixed time setting for the hour of 4:15 to 5:15 PM: To make this conversion, the most

obtained for each intersection, including the turningrecent traffic volume counts were

movements, and the SOAP-84 model was used to simulate the actuated controller for that

hour’s volume. The signal timing plan for each intersection was used to input the phase

operation, cycle lengths, and headway values used in SOAP-84,

intersections in the network were used to compare the settings

produced by SOAP-84 and the observed phase lengths in the field. The intersection of SR

181 and 180th Street SW was observed during the afternoon peak period hour of 4:15 to

calculated to be 196 seconds. The

Three major

5:15. The average cycle length for this signal was

results of a SOAP simulation calculated the cycle length to be 205 seconds. The simulation

of the actuated signal was considered good for this intersection. The resulting simulation

for two other major intersections, Interurban Avenue at Southcenter Boulevard and

Interurban Avenue at Grady Way required, further analysis. Again, the intersections were

5:15 and the average phase durations were calculated. Manual

also conducted at the same time. The SOAP simulation

observed from 4:15 to

turning movement counts were

resulted in much shorter cycle lengths for these two intersections, as shown in Table 2.2.

phase durations produced by the SOAP simulation were all significantiy lower than theThe

observed phase durations.

In order to replicate the functioning of an actuated controUer with fixed signal plans,

mathematical function based on the degree of saturation occurring at that
SOAP uses a

13



Table 2.2. Comparison of SOAP vs. Actual Cycle Length for

Signals with Long Gap Outs

Cycle Length

SOAP-84
Sat 95% 80%

MeasuredIntersection 70%

1609768174Interurban Ave @ S. Center Blvd.

Intenirban Ave. @ Grady Way
26578170

intersection. SOAP's default degree of saturation is 95 percent, which is the value

well timed signal. A signal with a high "gap out,” such as 4 seconds, will

a well itmed intersection. A

attempted by a

result in a lower degree of saturation than is expected in

detailed examination of the signal timing information for the two problem intersections

revealed that the timing was set for a "gap out” of 4 or 5 seconds. Therefore, the project

team used a degree of saturation of between 70 and 85 percent to more closely repUcate the

actual signal phase operation of these intersections.

By using a lower degree of saturation, the project team was able to develop timing

with itle SOAP84 model which correlated weU with the actual operation of the tested
plans

signals. Other than the adjustment of the O/D information to fit the CORFLO network and

modeling time frame, this was the only major adjustment of input data that was done prior

to the initial calibration efforts with the model.

14



CHAPTER 3
FINDINGS

the calibration of the model results from the simulation of the
This chapter reviews

construction activities. It describes the comparison of the model results against volumes

of the facilities being modeled. It also describesand speeds collected from the operation

the efforts made to caUbrate the model in terms of required network coding changes and

manipulation of the original input datasets.

pattpratton of the model

After the input data were

volumes and speeds on the simulated network where compared to those measured on the

real facilities. A volume simulated within 10 percent of the actual volume was considered

calibrated. This criterion was established as an acceptable level at which simulation would

reasonably erflect the actual conditions, which vary from day to day.

collected for the network, CORFLO was run and the

The process of calibrating the model to match actual volumes involved three steps.

fhp nH^in/Destipptinn Matrix. Trips that were taken on
Adjust1.

routes not modeled in the network were ermoved from the O/D table.

Appp^s fn Arterial Network. Entry points onto theAdjust

network from the zones were adjusted to distribute the load of traffic to or

2.

from a particular origin/destination to several points on the network. This

was done through the use of artificial links and nodes that did not represent

actual streets and through the manipulation of signal timings at the entry

point intersections. The artificial links were used at five locations in the

"heart" of the network. In these areas the origin/destination zone covered

several streets within the geographic area of interest, and the trips could not

be assigned to one particular entry or exit point in the network without

critically overloadmg those links.

15



th^ Frp«-wav Links the networkl. The final step

to adjust the capacity of certain links on the freeways and to adjust the

length and speed of entry links for freeways.

These changes are described in more detail below.

3.

was

Artiiistiny ttip Origin/Do^itinafinn Matrix

The calibration process was begun with the full origin/destination table produced by

the PSCOG. Trips from distant zones were aggregated for the zone structure used in this

project. The trips from the fuU PM peak tables were divided by three to represent the

during the peak period. Trips that could take paths not included in the
average hour

modeled network were initially left in the O/D table. Trips were loaded onto the network at

location for each zone or group of zones. These loading points were the entry/exit
one

links to and from the network.

The result of this first run was that in the portions of the network of most interest

(near the construction project), the traffic assignment model overassigned trips

roadways. Trips were overassigned by as much as 275 percent from the actual volumes

facilities and well beyond the capacity of many of the roadways, especially the freeway

links. However, the simulation results showed lower volumes traveling on the links than

the facilities. This problem was perceived to be caused by a large

to

on

the

actually existed on

amount of "spiUback" on the arterial links. Spillback was not defined in the documentation

but was assumed to mean an excess of vehicles queuing on a link and spilUng upstream

link. This occurred most noticeably at the entry points on the arterial
into the previous

portion of the network and at the adjacent intersections. Essentially, the simulation model

of interest that prevented sufficient numbers offound large bottlenecks upstream of the

vehicles from reaching those intersections of the network.

area

The researchers concluded that the origin/destination table contained too many trips,

factored by 90 percent, 75 percent, and 50 percent to reduce the

did not dramatically improve the spillback and

so the trip table was

spillback problem. These calibration runs

16



resulted in assignments lower than actual volumes in portions of the network. Spillback

occurring because the trips from each zone were being loaded at one point, rather than
was

being spread among multiple points, as reaUy occurs. The traffic signals controlling these

allow that volume of vehicles through the intersection during the
entry points could not

simulation. It was

the calibration, since the network was operating at or beyond capacity in the areas around

also apparent that trips that could take other routes were greatly affecting

the construction and on 1-5.

that could (and logically would) take alternative routes between adjacent
Trips

such as between the Spokane Street area (West Seattle) and the SR 518 area (Sea-
zones,

Tac Airport) were removed. Many of the trips

99, SR 509, 1st Ave. South and other routes not included in

that the number of vehicles entering the freeway from these

would match the Washington State Department of Transportation 1986 ramp

between these zones could be taken on SR

the modeled network. The

trip table was modified so

external zones

data. [5] No trips that would cross the network or in

network were removed. Only trips between zones on the external parts of the network

zones considered internal to the

were removed, for example between zones represented by nodes 8040 and 8042, shown in

Figure 2.3.

made to the 0/D table, the assignment of trips to theAfter these changes were

network, and especially to the freeways, improved significantly. However, the simulated

volumes were still significanUy lower than the actual volumes.

Adiiistintf Access tn the Artorial Network

The researchers decided at this point that the signal timing information could be

of the network, the intersections at nodesignored at entry/exit points in the outlying areas

numbered 11 and 23 in Figure 2.3. The delay from the signals at these intersections was

not important in determining the diversion of vehicles caused by construction activities,

that the simulated volumes were lower than theSpillback was a major reason

assigned volumes. This was because the trips were trapped in the spillback and were not

17



getting onto the network. The most severe spiUback was occurring in the internal zones of

the network. Artificial links were then added in these zones to allow multiple access points

to and from the network (i.e., those zones nearest the eonstruction area). The nodes

uncontrolled intersections so that allconnecting these artificial links were coded as

approaches would have free flowing conditions. The length and capacity of these artificial

influence the distribution of these trips. It was difficult to determine at
links were varied to

onto the network. Five of the PSCOG trafficwhat geographic points to load the trips

analysis zones in the middle of the network had multiple access points, and within several

of these zones there were different land uses. Figure 3.1 shows the traffic analysis the

for the Renton City area. This zone contained residential, commercial, and industrial

areas, as well as a few special areas such as the airport and the school. These different

types of land use generated different numbers of trips at different times of the day. The

difficulty arose in knowing where to load the trips from this zone onto the network and

where to allow the trips destined for this zone to exit the network, as these would both

change with the time of day. Figure 3.2 shows the final configuration of streets and

zone

artificial links that were created for this zone.

The artiricial links did successfully disperse the trips and eliminate the spillback in

three of the five zones. Several more attempts were made to distribute the remaining

congested trips and influence where those trips were loaded onto the network.

AHjiisting Freeway Links (Refinigp the N^tWPrK}

At this point the calibration efforts turned to the freeway entry points to clear the

unrealistic congestion that was preventing trips from getting onto the freeway. The model

did not flag the congestion on freeway links as it did in identifying spillback on arterial

links. Apparently, congestion was hampering vehicles from getting onto the network

through the freeway links, and those vehicles that did enter the freeway did so with speeds

further revised to eliminate some ofof 0.1 to 1.0 mph. The origin/destination table was
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number of vehicles entering at the on-ramps was stillthis congestion, while the correct

maintained.

The speeds that were being modeled at these entry points onto the freeway seemed

to be unreasonably low. The unusually low speeds appeared to be related to the short

distance (100 feet) assigned to these entry points. The distance of 100 feet was arbitrarily

set and had no bearing on the actual network, so the entry links were changed to 200 feet.

This appeared to make the simulation more reaUstic, allowing speeds near 10 mph when

volumes approached the capacity of the link. The unreaUstically low speeds, however,

brought into question the freeway off-ramp lengths, which also were originaUy set to 100

feet.

The decision was made, while the network was coded, that off-ramps would be

would be modeled as freeway links. Themodeled primarily as arterial links and pn-ramps

logic for this decision is that the point on the roadway
that would conttol the flow of

vehicles should be the type of link being modeled. For an off-ramp, the point of traffic

control is the stop sign or traffic signal at the end of the ramp; thus the ramp should be

modeled as an arterial. Using the same logic, the on-ramps should be modeled as freeway

links since the flow on the freeway is the control point for the tamp.

A test dataset was created that had off-ramp freeway links, each with a capacity of

2,000 vehicles per hour (vph) but different lengths ranging from 100 feet to 1,000 feet. An

origin/destination table was created to assign 2,000 vph to each off-ramp so that the ramp

would be operating at capacity. The result of the test network showed that the distance of

short and caused unrealistic speeds and volumes to be simulated, as
100 feet was too

shown in Table 3.1.

The interesting result of these test freeway off-ramps was that they all had the same

capacity and volume assigned to them, yet the speed for the 800 foot and the 1,000 foot

decreased from 53.3 mph to 43.7 mph for no apparent reason,

the vehicles then exited the network, so the reason

There was no

ramps

capacity restraint beyond the link, since
21



Table 3.1 Results of Test Freeway Ramps

Simulated
Volume

Simulated

Speed

18.9 mph

Ramp
Length

1876100 feet
199853.2200
199853.3400
198053.4600
200643.7800
199743.71000

for the slowdown in speed was not apparent. No reason for this difference in speed was

discovered in the documentation or in further tests of freeway sections. The freeway

then changed to 200 feet to alleviate the apparent error in
portion of off-ramps

modeling ramps with a length of 100 feet.

The network was refined once again in the calibration stage to more closely match

was

the volumes measured on the roadway. This refinement was intended to increase the

vehicles could enter the network.
capacity of certain freeway links on 1-5 so that more

These links were at entry points that were experiencing very low speeds (less than 5 mph)

and operating at capacity. The increased capacity resulted in more vehicles simulated

through the links, which brought the volumes on 1-5 closer to the measured volumes.

Ramp .Tumpers

A disturbing aspect of ramp and freeway congestion was observed on some

In these cases, vehicles exited the freeway on a ramp, crossed through the
freeway ramps

intersection at the ramp signal and re-entered the freeway in their original direction on the

side of the interchange. While this "ramp jumping" phenomenon actually occurs

occasionally, real ramp-jumping does not occur in the places and circumstances predicted

Other

by the model.

In many cases, the model predicted the ramp jumping to occur despite freeway

speeds in excess of 35 mph, while ramp speed had degraded to as low as 0.1 mph. Under

these circumstances, travelers were paying a time penalty to perform the "ramp jump.
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This unreaUstic action is likely the result of either limitations in the traffic assignment

model, or limitations in the interaction of the traffic assignment and traffic simulation

models.

In order to eliminate this traffic pattern and provide more realistic ramp flows, the

recoded to eliminate the straight "off ramp to on ramp" movement

This alleviated the immediate problem of overly congested

ramp intersections were

used by "ramp jumpers.’

ramps, but it could not solve the programing logic problems that created the problem in the

first place.

Comoarison

The average speed of real vehicles traveling through a section was coUected and

measure of the model’s ability to simulate the existingcompared with the model output as a

conditions. Travel times were collected in the field using a license plate matching method..

Travel times were collected on 1-405 for the northbound and southbound directions in the

construction zone and northbound on SR 167. Travel times were then converted to an

average speed over the section of highway. Table 3.2 compares the simulated speed and

the measured speed.

The simulation on the freeways was accomplished with the speed/density

relationship discussed in the appendix. As the volume, thus the density, decreased, the

speed increased. The simulated speed on 1-405 was twice the measured speed. This could

have been caused, in part, by the lower than measured volumes that the model simulated.

Table 3.2. Model Calibration Speed Comparisons

Modeled SpeedMeasured SpeedRoute/Direction

53.8 mph

43.3 mph

53.0 mph

28.5 mph

21.9 mph

53.1 mph

1-405 SB

1-405 NB

SR 167 NB
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The speed on SR 167 was the same as the simulated speed for the days it was measured,

the conditions on 1-405. Because theThe speed did vary on SR 167, depending on

^ measured speed varied substantially from day to day on SR 167, conclusions could not be

reached concerning the speeds simulated by the model. Other locations, such as 1-90, had

speeds similar to what was regularly observed in the field.

Results pf ralihration

The calibration efforts resulted simulated volumes similar to the measured volumes

on many of the freeways and some of the arterials close to the construction activities. The

area of most interest was the 1-405 and Renton vicinity where the construction activity was,

so the volumes in this area were most closely compared. Volumes on the alternative routes

checked for reasonableness; however, not a lot of effort was spent in trying to match

the volumes on the roadways that were some distance from the construction activity. Table

3.3 shows the comparison.of selected locations on the different routes.

The route most poOrly modeled was SR 181. This arterial was considered to be

one of the critical routes for traffic diversion, and yet efforts to more closely match the

volumes on this street did not improve the calibration of the route.

Nineteen calibration runs were made. None of the runs modeled volumes on all of

were

the critical routes within 10 percent. In most runs, the routes not matching volumes within

272nd Street, SR 516, 212th Street, and the locations shown in
10 percent were

Table 3.3. The diversion routes south of 180th Street were not really operating at

capacity, so matching the volumes within 10 percent was not considered important as long

as the travel time on these routes was realistic. These routes were simulated at free flow

speed so the travel time would be correcL

The researchers could not determine whether the difficulty in calibrating the model

was due to the traffic assignment model, the simulation model, or a combination of the

two. However, clearly there were problems with the_ traffic assignment. The traffic
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Model Calibration Volume ComparisonsTable 3.3.

%Simulated

Volume
Measured

Volume Different
LinkRoute

71140122045 89 EB

46 89 WB
180th St. 208991130

26815110059 90EB

90 59 WB
Strander 47444840

32835122093 68 NB
68 93 SB

SR 181 693091010

1986980103 104 EB

104103 WB

104 106 EB
106 104 WB

SR 900 43^486850
2114871230
16637760

396111000122 123 WBS. 2nd St.

327461100112 113 EBS. 3rd St.

942594680266 267 NB
217 218 SB

271 272 NB

212 213 SB
280 281NB

205 206 SB

1-5
478887610
1153476010
086218600

2848986830
2077786460

933563700505 506 NB

614 615 SB
509 510 NB

610 611 SB

1-405
1729623580
636783920

1129493320

2239385070704 705 EB
727 728 WB

1-90
414061460

022312240413 414 NB

453 454 SB
SR 167 1426793130

25
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assignment model severely underloaded SR 181. Since efforts on 19 caUbration mns were

resolve the assignment problem, the research team decided to discontinue
unable to

calibration attempts and model a construction activity.

MODKT.TNG rONSTRIlCTTON ACTIVITIES

This portion of the study was intended to test the model's ability to simulate a

variety of construction activities that would affect travel through the construction area. This

realized because the contractor did not follow the original construction schedule,

and no closures of 1-405 were allowed from 5:00 AM to 8:00 PM. The only closure of

lanes that occurred during the peak hours was on SR 167 at 1-405 during the reconstruction

of the T405 overcrossing and on SR 900. Data were collected on traffic before and during

the SR-167 closure, and the model was used to duplicate the capacity restrictions of that

was not

construction effort.

The construction activities at the 1-405 bridge over SR-167 required the closure of

one lane in each direction on SR 167. This closure continued from May through October

1988. Figure 3.3 is a diagram of the interchange with the lanes closed. Travel time data

collected for the northbound traffic on SR 167 for three days beginning on May 17,

1988, from 4:15 to 5:15 PM. Volume information was gathered at the five locations

shown in Figure 3.3 for two weeks from May 16 through May 27,1988.

modeled with the reduced capacity on the links with lane

compared to the results of the simulation

were

The situation was

closures, and the speeds and volumes

without the lane closures. Figure 3.4 shows the results of the simulation with and without

the lane closures. The simulation showed essentially no change in the volume or speed of

were

vehicles in the immediate area of these lane closures. This reflected what actually occurred

in the field. Even though this is a heavily traveled area with daily congestion, the

congestion northbound is a result of traffic traveling north on SR 167 and then north on

1-405. The closure northbound on SR 167 occurred downstream of the ramp to
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northbound 1-405. The majority of the vehicles were taking the ramp to northbound 1-405;

therefore, the congestion was not affected by the lane closure but, rather, by the congestion

on 1-405.

SUMMARY OF EVALUATION

Attempts to calibrate the model to a

unsuccessful. Although volumes on freeway links near the construction were simulated at

reasonable levels, simulated volumes on arterials were often significantly different than the

volumes measured in the field. In most cases, the speeds simulated by the model did not

match what was measured in the field. Because the measured speed varied from day to day

depending on the weather (rain or wind), roadway conditions (dry or wet), and light

(sunny or overcast), and because of the limited number of days that the speed was

measured in the field, the researchers could not say whether CORFLO had correctly

reasonable level of confidence were

modeled the speeds of vehicles.

of traffic conditions with the construction activity at SR 167 and
The simulation

1-405 did model what was observed in the field. However, this construction activity did

not result in large traffic diversions in the way that closing a lane on 1-405 would have; thus

road closures that have a larger impact need to be studied to adequately test CORFLO.
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CHAPTER 4

APPLICATION AND INTERPRETATION

This chapter discusses the special coding requirements of the network, the

encountered while the network was constructed, and how the

handled. Also discussed are the limitations of the model that were

difficulties that were

difficulties were

discovered during its use.

rOPTNC RFOTTTREMENTS AND CONVENTIONS

This section will discuss the special situations and difficulties that were encountered

in the coding of the network and the steps that were taken to overcome those problems.

Network Size

A first word of caution to the user of the model is that the size of the version of the

model that will be used must be determined. The arrays in the program determine the

number of itnVs that the user is allowed in the network. The number of links in a particular

subnetwork, such as the FREFLO subnetwork, is a parameter set in the Fortran^ source

code and can be easily modified before the program is compiled. The documentation for

the model discusses the size of the Unk arrays, but this is not always consistent with die

version sent to the user and should be checked. The manual lists the data statement that

contains the array sizes in the source code. The dummy links for exit links created by the

included in the number allowed by the size of the array and must be calculated
programare

into the number of links needed for the network to be modeled.

The number of nodes allowed in a particular version is fixed for the version of the

model and can not be adjusted by the user. In the version used for this project the number

of nodes was fixed at 750. This means that the highest number for a network node is 750.

■ These 750 nodes are for freeways and arterials. This number does not include interface

nodes numbered 7000 to 7999, source-link nodes numbered 2000 to 2999, or entry-exit

nodes numbered 8000 to 8999.
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Freeway Links

The most difficult coding problem for the freeway network was coding the ramps.

At different points along their length, ramps function both as freeway links and as arterials.

For coding purposes, the question is at which point does the ramp change from a freeway

arterial link in cases such as at the diamond interchange shown in Figure 4.1? The
to an

method used for this project was to model the first 200 feet of an off-ramp from a freeway

to an arterial as a freeway link and the rest as an arterial link. The method was used

because the point at which the flow is constricted on the ramp is the intersection where the

ramp meets the arterial. Thus it makes sense to model the majority of that ramp distance as

traffic traveling on an arterial, impeded by the traffic signal or stop sign at the end of the

of 200 feet for the freeway link was used because, as discussed in
ramp. A minimum

Chapter 3, the freeway links of 100 feet did not appear to be simulated correctly. This

finding indicates that the User's Manual should be modified to indicate that a minimum

freeway link length of 200 feet is necessary.

The first 50 feet of an on-ramp from an arterial to a freeway were modeled as an

arterial link and the rest as- a freeway link. The traffic traveling on an on-ramp is only

impeded by the flow of the freeway in the downstream section; therefore, the majonty of

the ramp was modeled as a freeway link.

The collector-distributor lanes were modeled as separate roadways in the network.

Collector-distributor lanes can be modeled as either separate roadways that leave the

mainline for the distance of the lanes or as additional lanes in the section of roadway

involved. Since FREFLO does not model merging actions and does not model the flow in

a specific lane but rather distributes it over all of the lanes, there is no significant difference

between the methods. The exception to this logic might be when the collector-distributor

lanes are congested because of traffic leaving or entering the freeway via the lanes or when

collector-distributor lanes are not congested but mainline lanes are. Congestion on the

collector may not truly affect the general lanes of the freeway, but modeling the collector-
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additional lanes will simply distribute the load of traffic to all lanes in
distributor lanes as

the section of freeway.

Another consideration in modeling collector-distributor lanes and freeway

interchanges is that a freeway link can only be defined to have two links feeding it and two

that all movements at interchangeslinks exiting it, as shown in Figure 4.2. This requires

be specifically coded so that all movements can be independently defined. Figures 4.3 and

4.4 show the link-node representation used for a standard cloverleaf and a full directional

interchange for a freeway system,

with the arterial links, multiple freeway links can not specify the same

destination node. Therefore, a dummy link must be created so that all trips leaving the

freeway to a destination pass through the same link.

Artprial .Fntrv Links

As

the network entered through connectors to the arterialMost trips loaded onto

network. Because an entry link in NETFLO Levels I and H does not have any distance, an

entry link if the user desires to realistically represent

where the traffic enters the network. A second

extra "dummy" link is required as an

the turning pockets at the intersection

limitation to the CORFLO model is that only one link can connect to each zone from the

model network. In order to load the highway network at more than one location for each

, a series of dummy links are required. A dummy link was used to connect two

NETFLO links at a dummy node, and then another dummy link was used to connect this

zone

dummy node to the origin node (zone). This same process was used to aUow multiple exit

from the network into destination nodes, since no two NETFLO links can specify
points

the same destination node.

Traffic Signals

of the model does not check the logic of the signalAlthough the preprocessor

indication (as discussed in Chapter 2), it will not accept an all red phase longer than 15

the first interval. Sometimes all red periods are needed to model the delay a
seconds as
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arterial when the side street was not beingvehicle would experience if it traveled on

modeled. The all red period would indicate the time the side street would have as green

an

time if it were included in the network. A solution that worked for this problem was to

split the all red phase into more than one interval. A signal indication with a irght turn only

(even though there was nowhere to turn to) also got the preprocessor past this hurdle.

T IMITATIONS OF THE CODING

Ar|f>rinl Intersections

A problem was encountered in modeling intersections at diamond interchanges. In

the Seattle area, off-ramps typically have a traffic signal at the intersection of the ramp with

the arterial. A problem was encountered in specifying that the middle lane could turn left or

lane channelization codes that allow a

lane without the lane being coded as

go straight, as shown in Figure 4.5. There are

through- and left-turn movement from the same

unrestricted. If the middle lane is unrestricted it will not be used as a left-turn lane, since

no

the logic of the model requires that left turning vehicles turn from the left-turn pocket, if

from the left-most unrestricted lane if there is no left-turn pocket. In
one is provided, or

most of the cases this problem was handled by eliminating the through movement, since

vehicle counts indicate that this movement is rarely used at these locations. The middle lane

is then coded as a left-turn only lane, as is shown. This method of eliminating through

wiU not work at the intersections of arterials that have option lanes.

A limitation was found in the lane channelization coding. If a "T' intersection has

full left-turn lane and a irght-turn pocket, the full lane must be channelized as an

movements

only one

unrestricted lane. Similarly, if two full lanes turn right and a third is a left-turn pocket, the

model will not allow both full lanes to be channelized as right turn only lanes. This

problem was overcome by specifying the full lanes as unrestricted lanes and specifying the

which the vehicles would really be turning left or right.
through node as the node to
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However, this procedure did raise some concern, since the capacity of right-turn and

through vehicle lanes is not the same in most flow models as that of left-turn lanes.

FivpH-Time Signals

The fixed-time signal card types 35 and 36 are used to specify duration and

during each phase of the cycle. The input for these cards limits the number of

intervals for a signal to nine, which may not be enough to adequately describe the operation

fixed-time controller. A fully

movements

of the signal for a standard, dual ring controller acting as a

actuated traffic signal can have up to 12 intervals if each approach has protected left turns.

This is shown in Figure 4.6. Since only nine intervals are allowed, the intervals with the

opposing left with a yellow signal (intervals 2,4, 8, and 10) were combined with the

opposing left turn’s green phase just before the eliminated interval. This created artificially

long green indications. These green times may have lead to unrealistic capacities at an

if the model simulated vehicles differently during a green light and a yellowintersection

light.

Another Umitation of the NETFLO Level II model is that the signal timing can only

be input for the first time period. An actuated controller reacts to the traffic conditions at

the approaches to the intersection. If the traffic conditions change because of the diversion

of traffic, the signal timing changes. Since the signal timing is only input for the first time

period, the changes in the signal timing resulting from diversion in a following time period

are not simulated.

Origin/Destination Information

Another limitation discovered in the coding is that the percentage of carpools and

trucks that leave a particular origin are not allowed to vary depending on the destination.

For example, the model requires the same percentage of trucks to be assigned from a

commercial zone to a residential zone as from the commercial zone to another commercial

This could represent a problem in the type of traffic being modeled on routes in the

study area. Since some areas in a network may have high concentrations of commercial

zone
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activity, especially during off peak hours, the pereentage
of trucks can be significant. A

be applied to carpools, which vary from the same origin to different
similar argument can

destinations.
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CHAPTER 5

RECOMMENDATIONS AND CONCLUSIONS

RF.rOMMENDATTONS

the conclusions drawn by the project team as a result of its
This chapter presents

preliminary analysis. Where appropriate, recommendations for improving the capabilities

of the model are presented, and recommendations for further work under this contract are

made.

Rpsparch of fhe Traffic Model

More research is needed on the traffic assignment model to determine why trips

assigned off of the freeway and through a signalized intersection, then back onto the
were

freeway. Even though this does happen when the freeway is congested and the ramp is

not, the model was assigning a large number of trips with average speeds as low as

0.1 mile per hour onto the ramp. Since the freeway was stiU at 38 mph, the vehicles could

not have saved time by traveling off the freeway and then back on. This assignment

problem only existed if the freeway was congested and operating at speeds less than 40

mph.

Tmnrnve NETFLO Level I Signal Modeling

Many traffic signals that are not part of a downtown grid network of streets are

semiactuated controllers. To adequately model the diversion that

operated by actuated or

occurs because of construction activities, the NETFLO Level I model should be expanded

that dual ring controllers can be modeled. The signal time is calculated into the traffic

assignment portion of the model, and yet with an actuated signal the timing changes with

the change in demand. The user is thus required to manually change the model’s fixed time

signal settings if the effects of diversion are to be modeled correctly .

so
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Tmprnve Coding AbU-Ul

The lane channelization codes that specify the lane movements as unrestricted, irght

only, left only, closed, or special use by HOVs should be expanded with an exclusive turn

lane and an option through or turn lane can be explicitly modeled. This may require a

change in the logic of the flow model, but this condition
exists and should be reaUstically

modeled.

Possible Enhancements

enhancements that might make the model easier to use are a data input

and graphical display of the output data. An input manager could aid the user by

Future

manager

assuring that the data were input into the correct format and by checking the erasonableness

and completeness of the data. Computer graphics could enhance the ability of the user

analyze the results of the simulation. It is difficult and time consuming to foUow the flow

of vehicles in the network by looking at output that lists statistics by link.

to

rnNCCTlSTONS

The CORFLO model is an integrated model that can simulate traffic on a network

with both arterials and freeways. The models that are included in CORFLO' have enjoyed

successful use in their independent versions of TRANSYT, MACK, and the traffic

assignment model. However, CORFLO does not appear to be an appropriate model for the

First, thereconstruction application attempted in this project for several reasons,

origin/destination information that was readily available for this area was not at the same

level of detail required by the model. The model is designed so the approach to each

external intersection is both an origin and a destination, and the model assigns turning

percentages appropriately. The use of the regional traffic analysis zones for origins and

destinations made it difficult to load the traffic onto the network through real intersections

with real signal timings. The traffic realistically enters the network at many points

throughout the network within the zones. This means that the zones are too large for the

level of detail provided by the model. Since the model only allows one link to attach the
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origin/destination node, a maze of dummy Unks is required
to distribute the

networkto an

trips throughout the zones.

A solution to this problem is to obtain a

through methods such as origin/destination surveys. These surveys are costly and well

beyond the scope of this project. Perhaps a more detailed origin/destination table could be

gathered for the smaU portion of the network that was

this idea is that the diversion that occurs on routes not in the network would not be

modeled. Another option would be to use existing planning models to disaggregate the

traffic assignment zones and develop a corresponding origin/destination table outside of the

CORFLO model's environment (e.g., we use the UTPS package to focus on the study

area). The synthesized origin/destination table and/or back volumes could then be used as

input to CORFLO. However, for the model to be most helpful, it should be designed to

possible. The model would be applicable to the

detailed origin/destination tablemore

of most interest. The problem with

use as many existing data sources

widest range of reconstruction projects if users could utUize existing plannmg zones and

as

existing trip tables as 0/D input

Turning movements could have been used at each intersection to replicate the

confident that this would have resultedexisting traffic conditions, and the researchers were

in a closer caUbration of the model. The problem with this approach would have been that

have been modeled using the traffic assignment model, since
diversion could not

origin/destination

activities on

effectiveness produced by the model, such

information would not have been used. The effects of construction

the network would only have been measured in terms of the measures of

delay, speeds, and travel time, and not inas

terms of the expected diversion.

A major objective of including the traffic assignment model in CORFLO is to make

CORFLO useable for planners as well as engineers. This study demonstrated that the level

of detail required by the simulation models surpasses what is normally available for most

regional planning studies.
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FTTTTTRE DTRECTIOM

result of the research thus far, two areas of emphasis are appropriate for
As a

concentration, during the remainder of the project.

Slimiilation Using Turning Movements

More investigation of the simulation components of the CORFLO model is

warranted. Because of the questions surrounding the traffic assignment model and the

zone structure selected for the project, no conclusive results have been found regarding the

simulation model itself. The strength of the CORFLO model lies in its ability to simulate

arterial and freeway subnetworks through the interface nodes. Yet it is unclear whether the

calibration difficulties the project team has experienced so far are related to the simulation

CORFLO, the Origin/Destination data, the traffic assignment model, or the
portion of

interaction of the traffic assignment model and the simulation model.

In order to examine and test the simulation model without being subject to the

possible limitations of the assignment model and the zone structure, the next effort in this

project will focus on simulation only. Turning movements
will be coded for the network

model will be calibrated for existing conditions. The model will then be used to
and the

simulate lane closures caused by the construction projects in the area. The model wiU be

evaluated on the basis of how well the simulated conditions reflect the actual conditions.

Investigation of the FRESIM Modei

One of the elements of the TRAP family of models that has not been extensively

tested is the FRESIM model. FRESIM is a microscopic freeway simulation model based

the INTRAS model. After the simulation portion of the CORFLO nipdel has been

examined, FRESIM will be tested, as allowed by remaining project resources. This testing

of FRESIM is within the intentions of the project, in that FRESIM was originally part of

on

the TRAP modeling package. '

While the FRESIM model is not relevant to the modeling of diversion and traffic

be used to examine other
performance through the 1-405 study area, the model can
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important facets of the 1-405 HOV lane construction effort. The project team recommends

that FRESIM be used to examine the cross-over movement required of HOV vehicles using

the new HOV facilities. This movement is necessitated by the placement of the HOV lanes

the left side of the roadway south of Park Drive and their placement on the right side of

the roadway north of State Route 169 (see Figure 5.1).

Specifically, the FRESIM model wiH be used to examine the following:

• whether the required vehicle movements create a safety hazard,

whether the vehicle movements significantly reduce freeway capacity (or at

what level of HOV lane usage is capacity significantly reduced), and

• whether the distance provided between the end of the left-hand HOV lane

and the beginning of the irght-hand HOV lane sufficient for the vehicles to

make the transition between HOV facilities.

Results of the analysis, along with comments on the capabUities and weaknesses of the

FRESIM model, will be produced at the end of the project

on
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APPENDIX A

CORFLO MODEL DESCRIPTION

This appendix describes the CORFLO model. The method of simulation for each

submodel is described, along with the input required for and the output produced by the

program.

MODFT. DESCRIPTTQN

The CORFLO program is a set of macroscopic, simulation models for networks

containing freeways and arterials. Although the component simulation models in CORFLO

deterministic models, a stochastic feature has been added in the form of a

random seed number to provide some variability to the model. The model uses a time scan

the network. The model can be used in two

are based on

technique to simulate the flow of vehicles on

For traditional simulation, the operating parameters and volumes are put into the
ways

model, and the program calculates the delay, miles traveled, speeds, and other measures of

effectiveness. The traffic assignment model can also be used in the simulation so that the

model loads the network based on origin/destination data. The program thus calculates not

of effectiveness but also the volumes assigned to each link in the
only the measures

network on the basis of the minimum travel time.

also be used to model traffic flow over changing conditions in
The program can

time. The program accomplishes this by dividing the simulation into time periods specified

by the user. The time periods, which can be of different durations, are used to modify

certain time dependent inputs during the course of the simulation. These inputs represent

changes in volumes, turning movement percentages, lane channelization, or signal timing,

further broken down into uniform "time intervals," which the model
The time periods are

determine the length of time each submodel should be brought into memory.
uses to

During the time the submodel is in memory, the traffic in the subnetwork is simulated and

the results accumulated before the next submodel is brought in. The simulation statistics

3/2/89A-1TRAFWORK.PAPER



available to the user on a time interval basis, as specified by the user. A graphic

depiction of the relationship between time periods
and time intervals is shown in

Figure A.l. In general, the time interval duration approximates the average signal cycle

length, and the time period must be specified as a multiple of time intervals.

The CORFLO Model is a part of the larger family of models termed TRAP. The

models are being developed for the Federal Highway Administration. The TRAF family

consists of the following components;

• TRAF Input Processor

. Component Model (Subnetwork) Integration Processing

• Microscopic Rural Road Simulation Model (ROADSIM)

• Microscopic Arterial Simulation Model (NETSIM)

• Macroscopic Arterial Simulation Model (NETFLO Level I)

• Macroscopic Arterial Simulation Model (NETFLO Level II)

• Macroscopic Arterial Simulation Model (NETFLO Level IH)

• Microscopic Freeway Simulation Model (FRESIM) ,

• Macroscopic Freeway Simulation Model (FREFLO)

• Equilibrium Traffic Assignment Model.

The CORFLO model, which was used for the initial effort in this project, is a

portion of the macroscopic models from the TRAF family
of models. The model was

developed as a separate unit of models to be adapted into the future ITDS system being

developed for the FHWA. The model consists of the Macroscopic Arterial Simulation

Levels I and II), the Macroscopic Freeway Simulation Model

are

Models (NETFLO

(FREFLO), and the Equilibrium Traffic Assignment Model. The necessary input processor

and model integration programs are also included in the stand alone CORFLO model.
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Time Period No. 2Time Period No. 1

Duration = N2 (Tl)Duration = N-; (Tl)

Time

TI Tl TiTl Tl Tl

Figure A.l. Relationship between Time Interval and Time Period Durations

TNPTTT PROCESSOR

traffic simulation models by integratingThe TRAP family software package uses

the different models as subnetworks in the overall network. This means that a portion of

the arterials may be modeled with different levels of detail, as may portions of the freeway,

be modeled by a macroscopic simulation model on the external portion of
An arterial may

the network where detail is not as important and by the microscopic simulation model,

NETSIM, in the area where the most detail is desired.

The complexity of integrating these models requires an input processing program

that runs a series of diagnostic tests on the input data. The input data are arranged in a

series of input "cards," which are lines of input data. The input processor checks for

correcmess of the input arrangement,

the completeness of the input,

the reasonableness of the data within the range established in the

1.

2.

3.

documentation,

the consistency of the data items within the subnetwork being described,

the completeness of the data items for the subnetwork being described, and

the completeness of the entire network being modeled.

4.

5.

6.
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Messages that are produced by the program are documented and consist of either a

The warning messages are used to alert thewarning message or a "fatal” error message,

to data input that is unreasonable or unusual but that will not cause the simulation to
users

terminate. The "fatal” error messages

cause the program to abort without beginning the simulation. The input processing

if possible, through the entire input card deck before simulation begins. If no

are detected and the user has specified that the program should continue

describe data inputs that are missing or incorrect and

continues,

"fatal" errors

following the preprocessing, the simulation is performed.

rOMPONRNT MODET. INTEGRATION

Since CORFLO consists of several models that simulate the flow of vehicles in

and with different amounts of detail, the models must be integrated todifferent manners

allow vehicles to pass from one link in a subnetwork to a link in another subnetwork. The

the traffic stream in a common format socomponent model integration program represents

that the flow of vehicles can be modeled over the different type of links in the network.

The simulated vehicles exiting a subnetwork enter a "vehicle holding area" called an

interface node and are held there as individual vehicles until the program finishes modeling

that subnetwork for that time interval. The next subnetwork picks up those vehicles from

the interface node and continues the simulation for that subnetwork for the same time

interval. This means that a vehicle that travels on the freeway, exits the freeway via

interface node, and then continues on an arterial can be modeled. This ability to interface

the different subnetworks is the strength of the CORFLO model.

an

NF.TFLO LEVF.L T MODEL

The NETFLO Level I model simulates each vehicle in the stream of traffic as a

separate entity moving along the roadway during each event. Each vehicle in the traffic

stream is identified by

A-4



the type of the vehicle (auto, carpool, truck, or bus),

the driver's behavioral characteristics (aggressive or passive),

the status of the vehicle in the traffic stream at the event (queued or in

freeflow),

• the location of the vehicle in the network (the location of the vehicle on the

arterial and the lane the vehicle is traveling in at the time), and

• the kinematic properties of the vehicle, including the speed of the vehicle

and the acceleration characteristic of the vehicle.

These behavioral characteristics are assigned stochastically to the vehicles in an

attempt to model the variability of drivers.

This model approaches the definition of a microscopic simulation model but is

different in that the model does not move each vehicle based on a car following theory, as

does NETSIM. The NETFLO Level I model moves each vehicle during each event

modeled. Therefore, it can not describe the trajectory of each vehicle through each second

of simulation. Each vehicle is moved as a "jump" occurring during each event simulated.

This model has the capability of modeUng the traffic stream through a network with

actuated traffic signals, which is the major feature not available in the NETFLO Level II

model.

The user can assign turning movements in the NETFLO Level I model in two

The user can specify the percentage of turns on each link for each intersection or the

vehicle turning at each intersection, depending upon the upstream

ways

probability of

movement from which the vehicle came.

NETFLO r.KVFX TT MODEL

The traffic flow model of TRANSYT was adapted to the CORFLO modeling format

in the NETFLO Level II model. The links modeling method in TRANSYT was modified

closely follow along the method used in NETSIM. In TRANSYT, each movement
to more
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at an intersection is defined as a separate link in the system, and the user inputs the

from the upstream intersection that feed the link being described. In CORFLO,

arterial link is defined as the directional link between adjacent nodes. The number of

coded rather than the capacity, which is used in TRANSYT. Left- and

movements

an

through lanes are

right-tum pockets are defined as a part of the link. The user inputs the length of the pocket

and the number of lanes in each pocket. The movement of each lane is defined by a series

of lane code inputs that describe each full lane as a right turn only, left turn only,

unrestricted lane, closed lane, or bus only lane. Although this reduces the input

requirements from the TRANSYT format, it also limits the user in describing unusual lane

configurations, as was discussed in Chapter 4.

NETFLO Level H models the traffic as a flow of aggregated vehicles rather than as

independent vehicles, as used in NETFLO Level I or NETSM. A histogram approach

models the flow of vehicles as a "platoon" of traffic that is spatially distributed, as

displayed in Figure A.2. The histogram approach to modeling the traffie flow attempts to

Flow

rate,

(veh/sec)

hz

Time

Figure A.2. Typical Statistical Flow^stogram Employed by Level R Model



describe the dispersion that occurs as vehicles travel along a roadway. The departure from

a traffic signal and the arrival at a signal are modeled as a histogram of dispersed vehicles,

and flow rates are calculated at the point in time of interest.

Buses can be modeled as individual units. The measures of effectiveness for buses

is calculated with kinemetric relations, including the dwell times for the buses. The effects

of traffic congestion and spillback are modeled and captured in the calculations for travel

time and speed. The NETFLO Level II logic does not model carpools and differs from

TRANSYT in that fixed-time signal cycles with different cycle lengths can be modeled.

FRFFT.O MODEL

PREPLO is the macroscopic freeway simulation model in the CORFLO program.

The model is an adaptation and refinement of the MACK model. The main refinements of

the earlier MACK models include the following:

• different vehicle types can be modeled separately and distinguished as either

autos and trucks, carpools, or buses, and

• freeway segments can be modeled as a disjointed system with on- and off

ramps to other freeways and collector-distributor lanes. Previously, MACK

models could only deal with single Unear freeway segments.

The normal capabiUty of a freeway model involves the use of a particle conservation

equation and a speed-density relationship. FREFLO and MACK use a refined equilibrium

speed-density relationship, which is incorporated into a dynamic speed equation. [Al] The

flow of vehicles on a FREFLO link is modeled as an aggregated flow and represented by

number of vehicles entering and leaving the link, the density of the vehicles on the link.the

and the space-mean speed on the link.

FREFLO is able to model the vehicles entering the freeway through either the

through on-ramps. A freeway link may be used to model the

or the user can code the ramp so that vehicles are input at the ramp

upstream freeway segment

vehicles on the ramp

or
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gore and merge immediately. This procedure is the same for off-ramps. Ramps between

freeways are modeled as freeway links, as are collector-distributor lanes.

The user can define two types of lanes on a freeway link in the FREFLO model.

general purpose lanes or lanes restricted for buses and/or carpools. The model does not

know which physical lane is the restricted lane but, rather, asks for the number of restricted

The flow of vehicles is uniformlylanes and the number of general purpose lanes,

distributed over the number of lanes associated with the type of lane.

Buses are modeled as separate vehicles in the FREFLO model so that bus travel

be tracked, but the buses are accounted for in the overall traffic stream so that the
times can

impact of the vehicles can be measured in terms of the freeway segment.

As with the arterial network modeled in NETFLO Level I and NETFLO Level II,

the turning percentages can be assigned at freeway links.

TRAFFIC ASSIGNMENT MODEL

The latest traffic assignment model adapted for CORFLO contains the option for

system optimal or user equilibrium traffic assignment. This project used the user

equilibrium option. A user equilibrium traffic assignment model assigns the trip to a route

so that all vehicles experience the same travel time on all of the used routes. By this

method, a vehicle can not improve its travel time by unilaterally changing routes.

The traffic assignment was improved from TRAF's earlier model, which was

evaluated by Labrum of the Utah Department of Transportation and by the Institute of

Transportation Studies at the University of California, Irvine. [A2, A3] Left- turn penalties

have been incorporated into the assignment. The algorithm used in the assignment model is

a variation of the Frank & Wolfe decomposition iterative technique. [Al] During each time

interval, the traffic assignment model computes the shortest path that each vehicle selects to

reach its destination. This path time is interpreted by the model as the impedance

experienced by the vehicles in the traffic stream and the delay the vehicles experience at the
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signals. The delay at signals is calculated by the ratio of green time to the cycle length.

The travel time on each route is then recalculated based on this loading, and the shortest

path is recalculated for the next time interval. This process is continued until the content of

subnetwork changes by less than a specified percentage. This state is then

for that subnetwork, and the process continues until equilibrium is

vehicles on a

called "equilibrium'

each subnetwork. Once equilibrium is reached, the simulation begins and
reached on

simulation statistics are accumulated.

The assignment model can be used for user equilibrium assignment, as described

make the vehicles select the paths that would minimize the total travel time
above, or it can

of vehicles in the system. This creates a situation known as "system optimal" assignment.

The user has the option of inputting the parameters used in the formulae for the assignment

calculations, or the default values may be used.

The impedance, which is calculated for each link, can be calculated by either the

.FHWA Formula, which is a version of the standard BPR Formulae, or may be calculated

by the Modified Davidson Formula. [Al]

Shortest Path Algorithm" was also included in the version of the traffic

time

A new

assignment model used for this project. This algorithm reduces the computer

necessary to calculate the paths.

No documentation is available for the traffic assignment model incorporated into the

CORFLO model.

tnptit/outpiii

Input

The input to CORFLO consists of three basic sets of input cards (card images), as

follows:

-specific cards, which range from 00 to 09 and are arranged at the

beginning of the data;

run
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• subnetwork'specific cards ranging from 10 to 170 that specify the attributes

of the network; and

• global-specific cards ranging from 175 to 210 that specify attributes that are

common to all subnetworks.

The data cards can be further grouped into control cards, link characteristic cards,

flow characteristic cards, signal characteristic cards, volume cards,^ traffic assignment

cards, bus cards, and delineation cards. Table A.l contains a summary of the data cards

avaUable in the CORFLO program.

The control cards required for operation of the program are as follows;

title card with identifying information,

■ identification card with the user’s name, date, agency, and

Card type 00

Card type 01

1.

2.

run identification data.

control card that identifies the models to be used in the
Card type 02 — run

run, the estimate of the initialization time to fill the network, and other

3.

information about fuel consumption options, clock time, random seed

number, and English or metric unit codes,

time period specification card detailing the duration of each
Card type 03

time period in the simulation.

Card type 04

be used during the simulation and the number of time slices per time interval

for the NETFLO Level II model, and

4.

time-step control card with the length of the time interval to
5.

output options card.Card type 05

link characteristic cards are Card type 11 for the arterial NETFLO links and

6.

The

Card type 15 for the freeway FREFLO links. The link information consists of the

and downstream nodes, the length of the link, number of lanes, turn pockets for
upstream

arterial links, channelization codes for arterial links, downstream nodes, which receive the
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Table A.l. CORFLO Input Card Types, by Model

TrafficFrefloLevel IILevel IDescriptionCard Type

RRRRTitle00Control

RRRRIdentification01

RRRRRun Control

Time Period Class
ification

Time-step Control

I Output Options
1 Urb an Link

02

RRRR03

RRRR04

RRRR05
RR,0R,011Link

Charac

teristics Characteristics

RR,0Freeway (Freflo)
T .ink Characteristics

Urban Street Turn-

ing Movements

Freeway (Freflo)
Turning Movements

I Freeway (Freflo)
I Incident Specifications

15

OR,0R,021Flow

Charac

teristics
0,026

0,0
27

O
I Freeway (Freflo)
I Parameters

34

RROSign or Pre-timed Sig
nal Control Timing

35Signal
Charac

teristics RROSign or Pre-timed Sig
nal Control Codes

36

OOActuated Controller

Specifications

Phases for Actuated
Controller

39

OO40

OOPhase Operations for
Actuated Controller

41

Leaend: R - Required; O - Optional; Blank - Not applicable (omit card type)

Entries are of ^e form R; O; R,0; 0,0; R,R p ^niv
If of the form R or O, the card type can be input for the first Time

If of the form R,0; 0,0; or R,R, the card type can be input for the first Time Penod (1 )

as specified by the first code ^ for subsequent Time Periods (if any), according to the

second code.
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i

Table A.l. (continued)

0;00,00,0Entry Link Volumes

Source/Sink Volumes

50Volumes

0,00,051

0,00,00,0Load Factors52

RR,RR,RR,R,Subnetwork

Delimiter
170

O
Traffic Assignment
Parameters

175Traffic

Assign
ment

R
Origin-Destination
Trip Table

Internal Centroids

Bus Station Para^
meters

176

O
177

OO185

Cards

0,00,0Dwell Times186

OOOBus Paths187

OOBus Routes188

0,00,00,0Bus Flow189

RR,RR,RR,R,Time Period
Delimiter •

210

Legend: R - Required; O - Optional; Blank - Not applicable (omit card type)

Entries are of itie form R; 0; R,0; 0,0; RJI • j i
If of the form R or O, the card type can be input for the first Time Peno(L OOi^
If of the form R,0; 0,0; or R,R, the card type can be input for the first Time Penod (TP)

specified by the first code and for subsequent Time Periods (if any), according to the

second code.
as
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traffic, grades, pedestrian codes for arterial links, number of special use lanes for freeway

links, grades, and nominal capacity for freeway links.

The flow characteristic cards are numbered 21, 26, 27, and 34. Turning movement

cards (21 for arterials and 26 for freeways) are used to define the turning percentages at

each node if the traffic assignment model is not used. The freeway incident specifications

card may be used to indicate blocked lanes during the simulation. The freeway parameters

card can be used to input a speed-density relationship that the user has developed.

Card types 35, 36, 39, 40, and 41 are the signal characteristics cards. If the signal

is a fixed-time controller, the 35 and 36 cards are used to describe the duration of the

different phases at the signal and what the signal indicates for each approach to the

intersection during each phase. The program does not check the indications on the signal to

be sure that the user has not specified movements that will conflict. This allows the user to

create signals that may not be realistic but can serve a particular function for the user. All

NETFLO Level II nodes must have a signal setting for a fixed-time controller.

Actuated signal controller logic can be simulated for NETFLO Level I nodes with

of card types 39 through 41. These cards can describe the functions of a single ring

controller. All arterial nodes are required to have some sort of "signal" control. Stop and

yield signs are permitted, as are nodes with no control, which are indicated by perpetual

the use

green indications for each approach to the intersection.

The volume card types 50, 51, and 52 allow the user to specify volumes that enter

the network via entry links or from source nodes that can represent mid-block traffic

be input to detail thegenerators, such as shopping malls or parking lots. Load factors

number of passengers in each type of vehicle that is used in the calculations for the "person

can

measures of effectiveness."

Traffic assignment cards are types 175, 176, and 177. They are used to set the

parameters for the traffic assignment equations, describe the type of equilibrium desired

(either user equilibrium or system optimal), and enter the origin-destination data. If these
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cards are encountered in the input stream, all previous turning movement information is

ignored.

The bus cards can describe station locations, dwell times, route paths, and bus flow

data. These are detailed in card types 185 through 189.

The delineation card types 170 and 210 are needed to alert the program about the

type of subnetwork next described in the data set and to indicate that all of the data have

been read.

Output

The model outputs can be specified by the user, including an echo of the input data,

program error and warning messages, traffic assignment results, link statistics, and person

measures of effectiveness.

The traffic assignment results are output when the traffic assignment model is used

and include the turning movements at each node, in terms of volume and percentage, and

the volume of vehicles assigned to the link in vehicles per hour. Spillback, which occurs

on a link, is output for each time interval during the initialization period for the assignment

model and for each time interval' during the simulation.

The cumulative statistics can be output at various specified intervals during the

simulation and at the end of the simulation. The statistics for each link include the

following:

vehicle miles traveled on the link,

vehicle trips made on the link,

vehicle minutes on the link broken down into the minutes vehicles were

moving and minutes delayed,

minutes per mile,

time spent on the link per vehicle detailing delay time separately,

total volume on the link per hour.
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• average speed, and

• person miles, trips, and time spent on a FREFLO link. ^

The output is listed in order of the input data for each link in each subnetwork. A

sample output sheet is shown in Figure A.3. The person
measures of effectiveness for

NETFLO links are output on a separate list from the link statistics.

PttOaRAM OPKRATTON

The CORFLO program begins operation by reading the input data from the input

file and creating another input file on a disk to be used during the processing of the

subroutines in the program. This is a holdover from the days when input data decks

literally consisted of a deck of cards and, once read, the deck could not be entered again,

then checks the data for completeness, consistency, and correctness, as
The preprocessor

described earUer in this appendix. If no fatal errors are found, the traffic assignment model

is then run until equilibrium conditions are met. The program next simulates the traffic on

the network. The traffic is simulated on each subnetwork for a time interval and the link

stadstics accumulated. The vehicles are passed to the next subnetwork for the same time

interval and simulation is performed for that subnetwork. This is continued for all

subnetworks for each time interval until the simulation is completed. The appropriate

output is generated at specified points in the simulation by the output processor.
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